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Abstract 
Punchout is the main destruction of continuously reinforced concrete pavement, which is closely related to concrete cracking, 
the form and distribution pattern of pavement crack. Temperature and humidity are important impact factors of concrete 
pavement cracking. Base on the analysis of temperature and humidity inside and outside the tunnel, this paper studies the 
influence of temperature and humidity on the continuously reinforced concrete pavement cracking conditions of the test-road, 
and the application of continuously reinforced concrete pavement in the tunnel and outside by investigating the crack 
development. It is found that the daily temperature difference is 2  in the tunnel, the annual temperature difference and 
humidity are 8.9  and 75 ~ 85%, respectively. Temperature during the construction and curing temperature and humidity of 
continuously reinforced concrete pavement is of great influence on the crack occurrence. Cracks outside the tunnel occur 
more and are with concentrated distribution in the early stage. Crack distribution in the tunnel is more reasonable. After eight 
months including a winter, the crack number increased significantly outside, while the spacing was wider and the width was 
smaller in the tunnel. Results show that appropriate temperature and humidity can guarantee a cement road application, 
continuously reinforced concrete pavement crack form is more reasonable, performance in the crack width is small, the 
spacing is big, which reduces the possibility of punchout and spalling. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
Continuously Reinforced Concrete Pavement (CRCP) is a kind of high performance cement concrete 
pavement structure type, place steel fabric at a distance of 1/2 ~ 1/3 thickness to the top of slab, do not set the 
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contraction joint and improve the pavement integrity, driving comfortableness and durability, adapt to our 
 (Liu et al., 2012; Yu, 2012). The initial investment of 
CRCP used to be think high, but in view of the high standard requirement of asphalt materials and import prices 
only rise not dropping, cost of CRCP is not the higher one, and in the whole life cycle, CRCP has obvious 
advantage, it has quite big space of popular application. 
Roesler et al. (2005) shows that longitudinal reinforcement of CRCP is mainly used to control the transverse 
crack caused by the temperature drop and dry shrinkage, make the transverse crack spacing in the reasonable 
scope, unapt appear small crack spacing and wide crack width which can cause punchout (American Concrete 
Institute Committee 209, 1992). 
It is different of common cement concrete pavement (set contraction joint) that stress mainly comes from 
buckling stress caused by temperature gradient, CRCP longitudinal tensile stress mainly comes from the 
constraint and expansion not free as temperature drop and dry shrinkage happen caused by stress so temperature 
and humidity of concrete hardening and curing process will become the main influence factors of temperature and 
drying shrinkage stress. Otherwise, analysis and forecast environmental factors for road design personnel can 
provide practical environment parameters, so as to take effective measures to ensure pavement structure from 
early damage. 
2. Influence of environmental factors 
2.1. Analysis of temperature 
Cement concrete pavement produce unstable heat conduction in t
s internal temperature field distribution is not 
uniform and stable, and the influence of the temperature change is an important factor of continuously reinforced 
concrete pavement crack development, in the road construction and maintenance process, environment 
temperature research appears more important. 
The combined action of the environment temperature gradient and concrete early heat of hydration is 
important influence factors of CRCP early temperature field, has a direct impact on CRCP early cracks formation 
and development. Measuring the temperature of CRCP inside and outside the tunnel is contribute to increase 
cognition and understanding of s early behavior, especially crack 
occurrence regularity. 
Due to different natural environment influence, the pavement structure experience various combined action of 
factors: air temperature, solar radiation, wind speed, precipitation, etc. Environmental impact to pavement is 
different inside and outside the tunnel, the biggest difference outside the tunnel is solar radiation, and other 
thermal radiation caused by the sun radiation. The biggest characteristic in the tunnel is high humidity and 
constant temperature, too large temperature drop and water loss will not produce after concrete pouring, which 
will produce excessive temperature and shrinkage stress. 
Temperature and solar radiation is the main influence factor of CRCP environmental temperature field, both 
has the similar change of pavement temperature field. The complex heat exchange between pavement surface and 
atmosphere make the road produce complex temperature change, resulting in temperature difference between 
surface and other parts of the road. This kind of temperature difference conducts heat to the low temperature 
place along the depth direction. 
In the tunnel, the temperature of pavement structure in the relative closed space is along with the changes of 
rock mass, especially in the super long tunnel, temperature distribution has its particularity, in addition to a range 
of import and export is influenced by the temperature and solar radiation outside, maintains in relatively constant, 
daily range of temperature is only 1 ~ 2 , annual range of temperature is much smaller. 
The temperature in the tunnel by observation is shown in Fig. 1: 
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Fig .1 Temperature field 
Observe temperature in the tunnel continuously, record temperature at 2 pm, 8 pm, 2 am and 8 am, found that 
the highest temperature is 15.9 , the lowest temperature is 10.9 , temperature difference is 5  in winter; The 
highest temperature is lower of 3.1  than the summer of 19.0 , the lowest temperature is lower of 6.7  than 
the summer of 17.6 ; Throughout the year, temperature difference is 8.9 . The tallest temperature at 14 
o clock, the lowest average temperature at 2 o clock, day and night temperature difference is small, only 2  in 
summer and 5  in winter. According to the local meteorological data, average temperature is -10 ~ -12  in 
winter, is 22 ~ 24  in summer, the highest temperature in summer can be up to 30 , lowest in winter is -15 , 
so the design of CRCP inside and outside the tunnel is different. 
2.2. Analysis of humidity 
Concrete slab not only be affected by temperature gradient, but also be affected by moisture gradient. Even if 
the concrete slab is dry, humidity of concrete is more than 85% under the surface more than 5 cm, plate by the 
influence of the moisture gradient will occur warping. The buckling stress caused by moisture gradient relative to 
that of temperature gradient is small, especially after concrete plate reaches a certain strength, the influence of 
humidity will be more small and gradually tends to be stable, moisture gradient generally be indicated by 
equivalent temperature difference in the calculation, use temperature stress caused by this section temperature 
difference instead of humidity stress. 
Humidity affect mainly embody the early curing condition of concrete pavement, general maintenance is 
blanket and purling which guarantee pavement damp, reduce the concrete moisture loss and adverse effect of the 
shrinkage stress, after the concrete strength development to a certain degree, the tensile strength of concrete is 
greater than the shrinkage stress, can reduce the pavement early cracking. Humidity in the tunnel is high, which is 
good for CRCP. 
2.3. Construction analysis 
The environment condition requirements on the concrete construction outstanding performance in pouring 
temperature, too high temperature or too much wind, shall not engage in concrete paving, in order to prevent 
concrete water fast evaporation. After the completion of construction, curing of continuously reinforced concrete 
pavement is very important, the general method of curing can meet the requirements, but cover not timely, 
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purling not fully exist in the construction site, temperature and humidity during the period of curing is bound to 
become the decisive factor influence to the quality of pavement. Relatively stable temperature, relatively high 
humidity, is assurance of the concrete quality, provide favorable conditions to continuously reinforced concrete 
pavement crack and crack development. Temperature is stable, humidity is high, wind is low, so that CRCP can 
use well. 
3. Pavement cracking situation analysis 
3.1. Crack number 
Continuously observe cracks after paving CRCP in the tunnel, cracks appear in the next day, crack number 
increase rapidly during the early two days, it grows slow after two days, tend to be stable seven days later. The 
number of crack appears during the first two days accounts for 50% of the total number of cracks, only the 
second day s number will account for 37.59% of the total. Crack number development trend is basic similar with 
concrete stress strain curve. In addition, according to the construction paragraph, crack number of pavement ends 
is less than that of intermediate, this range of both ends is about 450 meters, it is related that pavement structure 
using both ends free form, the distance can be understood as pavement plate and base have certain interaction and 
produce sliding. 
3.2. Crack width 
According to the different observation sections inside and outside the tunnel selected two paragraphs 
persistent crack observation, statistical data as shown in figure 2. It shows that crack width mainly concentrated 
in the 0.1 mm and 0.2 mm, accounting for 60.5% of the total number of cracks. Number of crack less than 0.2 
mm wide is only nine in the section one outside the tunnel, occupy 6.3%, mainly concentrated in the 0.2 mm and 
0.25 mm and 0.3 mm, accounted for 74.6%; crack of width greater than 0.25 mm is only 3 in the second section 
in the tunnel, is 2.0% of the whole paragraphs number, mainly concentrated in the 0.1 mm and 0.15 mm and 0.2 
mm, accounted for 95.9%.It is shown that crack width in the tunnel is smaller than outside the tunnel. 
 
 
Fig .2 Distribution of crack width 
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3.3. Crack spacing 
Crack spacing is an important index that affects the performance of CRCP, America's long-term performance 
test road survey shows that punchout happened in crack spacing is 0.3 ~ 0.6 m, it is not correlate to the average 
spacing. In addition, Selezneva et al. (2003) shows that punchout take place in the wide crack. Kohler and 
Roesler (2005) pointed out that punchout is related to the wide crack, and has no business of the average width. 
After a certain time of observation, data as shown in figure 3: 
(1) Crack spacing is mainly 2 m ~ 8 m, accounting for 76.8% of the total number of cracks, spacing of section 
one are generally bigger than that of section  two. Number of section one which spacing is more than 5 meter is 
more than that of section two, and spacing of section two major is less than 5 meter. Out of the tunnel, crack 
spacing is bigger, is related to wide crack and temperature and humidity. In the tunnel, crack has better crack 
width and spacing. 
(2) By the investigation data, it is known that the maximum crack spacing is 84 m, and minimum spacing is 
only 0.5 m. Obviously 0.5 m and 84 m is far exceed the design requirements of 1.0 ~ 2.5 m, and fall in this range 
accounted for only 17%, there is almost no one which is less than 1 m, if crack spacing is not less than 2 m, it 
will greatly enhance the whole pavement out of punchout. 
 
 
Fig .3 Distribution of crack spacing 
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3.4. Crack development 
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Fig .4 Comparison of cracks spacing  
After eight months including one winter, crack out of the tunnel double increases, in the tunnel is only 5%. 
Crack spacing of outside fall in 2 m increased 50%, inside is only 5%. The development of crack width is basic 
close between inside and outside, just at the wide spacing, the width growth out of the tunnel significantly greater 
than in the tunnel, some sections appears mild spalling. Figure 4 shows that crack spacing outside developed 
obviously in narrow, cross-references found that spacing distribution ratio of less than 2 m greatly increased, 
which do not appear in the tunnel. It is clear that after a winter, continuously reinforced concrete pavement out of 
the tunnel experience the second peak of crack, which is because of temperature drop influence, 
It can provide good environment of constant temperature and larger humidity for continuously reinforced 
concrete pavement in the tunnel, which delay the pavement cracking time, reduce the bad influence on the 
pavement structure, has effective guarantee of continuously reinforced concrete pavement play its characteristics. 
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